Hypertension is common and contributes to adverse outcomes in patients undergoing dialysis. However, the proper blood pressure (BP) target remains controversial and several factors make this difficult. This study aimed to investigate the adequate BP target in patients undergoing prevalent dialysis. Data were retrieved from the Clinical Research Center for End-Stage Renal Disease (2009-2014). 2,299 patients undergoing dialysis were evaluated. Patients were assigned into eight groups according to predialysis systolic blood pressure (SBP). The primary outcome was all-cause mortality. During the median follow-up of 4.5 years, a U-shape relation between SBP and mortality was found. The risk of mortality was increased in the SBP <110 and ≥170 mmHg groups. In subgroup analysis, the risk of mortality was similarly shown U-shape with SBP in subjects with no comorbidities, and no use of antihypertensive agents. However, only lowest SBP was a risk factor for mortality in patients with older, having diabetes or coronary artery disease, whereas highest SBP was an only risk factor in younger patients. In respect of dialysis characteristics, patients undergoing hemodialysis showed U-shape between SBP and mortality, while patients undergoing peritoneal dialysis did not. Among hemodialysis patients, patients with shorter dialysis vintage and less interdialytic weight gain showed U-shape association between SBP and mortality. This study showed that the lowest or highest SBP group had higher risk of mortality. Nevertheless, the optimal target BP should be applied according to individual condition of each patient.
Demographic and clinical parameters. Baseline information, including demographic and clinical data, was recorded at enrollment; other clinical and biochemical variables were obtained every 6 or 12 months. Demographic and clinical data included age, sex, height, body weight, comorbidities, dialysis information, and medication. During the baseline study visit, the classes and numbers of AHAs being taken were also investigated. Comorbidities included a history of DM, cardiovascular disease (CVD), and stoke. CVDs were defined as composites of coronary artery disease (CAD), myocardial infarction, and congestive heart failure. Predialysis SBP was measured by trained health-care professionals, with the patient in a sitting position. Predialysis venous blood samples were collected to establish the biochemical data, including hemoglobin, serum albumin, total cholesterol, low-density lipoprotein cholesterol (LDL-C), HbA1c, sodium, bicarbonate, ferritin, and high-sensitivity C-reactive protein. For calculating Kt/V in patients on HD, predialysis and postdialysis venous blood samples were obtained for the assessment of serum urea nitrogen. The 24 hr drained dialysates and urine were collected to calculate the Kt/V in patients undergoing PD. In patients on HD, IDWG was measured by using the predialysis and postdialysis weights.
Study outcome. The primary outcome was all-cause mortality. Patient outcomes were assessed through December 31, 2014. During follow-up, patients were censored from the study at the time of death, kidney transplantation, or voluntary withdrawal.
Statistical analysis.
All statistical analyses were performed by using SPSS for Windows version 23.0 (SPSS Inc., Chicago, IL, USA) and SAS version 9.2 (SAS Inc., Cary, NC, USA). Continuous variables are expressed as mean ± standard deviation, whereas categorical variables are expressed as absolute numbers with percentages. Each variable was tested for normality before statistical analysis. Groups were compared by using analysis of variance or Student's t-test for continuous variables, and the chi-square test or Fisher's exact test for categorical variables. The Kolmogorov-Smirnov test was performed to determine the normality of the distribution of parameters. Data that did not show a normal distribution were presented as median and interquartile range. For these data, the Mann-Whitney U-test or Kruskal-Wallis test was used for multiple comparisons. Cox proportional hazards models were used to calculate the hazard ratios (HRs) for the association between SBP and mortality. Adjustments for all potential risk factors, including age, sex, comorbidities, dialysis vintage and type, numbers of AHAs, serum albumin, and LDL-C were done. For further analysis, patients were divided into subgroups according to age, the presence of DM or CAD, use of AHAs, dialysis type, dialysis vintage and the degree of IDWG (only for patients undergoing HD), and the risk for mortality in association with SBP was investigated by using Cox proportional hazard analysis. P values < 0.05 were considered statistically significant.
Results
Baseline characteristics of study subjects. The baseline characteristics of the study subjects are shown in Table 1 . Their mean age was 62.3 ± 13.0 years, and 1306 (56.8%) patients were men. The mean value of predialysis SBP was 137.4 ± 20.7 mmHg. The patients were categorized into eight groups according to the distribution of SBP (Fig. 1) . The mean value of SBP was 99.2, 119.7, 123.4, 132.6, 142.3, 152.1, 162.4, and 179.2 mmHg, respectively. There were no significant differences in age, dialysis vintage, and dialysis adequacy among the SBP groups. However, patients with higher SBP were taking more numbers of AHAs and showed a higher prevalence of DM. The baseline laboratory data revealed several differences; however, there were no significant correlative results across the eight groups.
BP and all-cause mortality. During the median follow-up of 4.5 years, 45 (28.5%), 27 (13.4), 48 (13.0), 80 (16.3), 60 (14.2), 42 (14.2), 26 (14.8), and 40 (22.1) patients reached the primary end point in the each SBP group, respectively. Kaplan-Meier survival analysis was done to investigate the association between all-cause mortality and SBP. The results showed that the groups with SBP <110 and ≥170 mmHg were significantly associated with a higher risk of mortality compared to SBP 130-139 mmHg as a reference group (Fig. 2) . Univariable Cox analysis was done to identify the risk factors for all-cause mortality. Age, sex, number of AHAs, dialysis type and vintage, history of DM or CVD, serum albumin, and LDL-C levels were associated with all-cause mortality (data not shown). Subsequently, multivariable Cox analysis with adjustment for confounding factors was done. The results still showed that the <110 and ≥170 mmHg SBP groups were associated with a higher risk of all-cause mortality (HR, 1.68; 95% confidence interval (CI), 1.14-2.49; P = 0.01 and HR, 1.63; 95% CI, 1.10-2.42; P = 0.02 in groups with SBP <110 and ≥170 mmHg, respectively) ( Table 2 ). SBP groups with 110-119, 120-129, 140-149, and 150-159 mmHg showed decreased risk of all-cause mortality than SBP group with 130-139 mmHg, however there were no statistical significances. Finally, the cubic spline with HR plot revealed a U-shaped curve relation between SBP and all-cause mortality (Fig. 3) .
Subgroup analysis. Subgroup analysis was done to investigate whether the relationship between SBP and all-cause mortality would be influenced by several clinical factors. First, patients were divided into subgroups according to age, presence of DM or CAD, and use of AHAs. Second, patients were divided by the type of dialysis (HD or PD). Finally, for HD patients, subjects were divided into two groups according to dialysis vintage and IDWG. Figure 4 shows the results of subgroup analysis among all study subjects. Figure 5 shows the results of subgroup analysis for HD vs. PD, and according to dialysis characters among HD patients. The precise descriptions of the results are provided below. Number of AHAs 1.9 ± 1.4 Kruskal-Wallis test. Abbreviations: AHA, antihypertensive agent; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CCB, calcium channel blocker; BB, beta-blocker; DM, diabetes mellitus; CHF, congestive heart failure; CVD, cardiovascular disease; LDL-C, low-density lipoprotein-cholesterol; hs-CRP, high-sensitivity C-reactive protein. Age, presence of diabetes or coronary artery disease, and use of AHAs. Subjects were first divided into subgroups according to age (<65 or ≥65 years), history of DM or CAD, and use of AHAs. In subgroups with no history of DM or CAD, as well as lack of AHA usage, SBP and all-cause mortality showed similar U-shape relationships to the ones shown in primary results described above. However, in subgroups with age ≥ 65 years and having DM or CAD, only SBP <110 mmHg was significantly related to higher risks for mortality. In subgroups with age <65 years, only highest SBP was associated with increased risk for mortality (Fig. 4) .
Classes of AHAs

Type of dialysis (HD vs. PD). Among patients undergoing HD, adjusted HR was higher in SBP <110
and ≥170 mmHg groups (HR, 1.94; 95% CI, 1.02-3.71; P = 0.04 and HR, 1.90; 95% CI, 1.11-3.27, respectively; P = 0.02). In patients undergoing PD, a similar trend was observed (i.e., the lowest and highest SBP groups were related to a higher risk of mortality); however, there was no statistical significance (Fig. 5A) .
Dialysis vintage and IDWG in patients undergoing HD. Among patients undergoing HD, subjects
were divided into two groups according to dialysis vintage. Interestingly, SBP <110 and ≥170 mmHg were significantly associated with an increased risk of all-cause mortality in subjects with <10 years of dialysis vintage. Although the group with SBP <110 and ≥170 mmHg showed a higher risk of mortality, no statistical significance was found in patients with a long dialysis vintage (Fig. 5B) . Among patients undergoing HD whose IDWG was <2 kg, the results were closely parallel to previous results. Patients in SBP <110 and 170 mmHg subgroups were significantly associated with an increased risk of all-cause mortality. However, in patients with greater IDWG, no significant relationship between SBP and mortality was observed (Fig. 5C ).
Discussion
In this study, we found a U-shaped relation between predialysis SBP and all-cause mortality. In particular, patients in subgroups with no history of DM or CAD and no use of AHAs, who are relatively healthy compared to those in opposite groups, showed similar U-shaped relationship in terms of SBP and the primary outcome. However, in subgroups for those with over 65 years of age, history of DM or CAD, only lower SBP (<110 mmHg) seemed to significantly increase risk for mortality. In regards to dialysis characteristics, HD patients showed similar relation with primary results, while PD patients showed no relevant results between SBP and mortality. Specifically, in HD patients with shorter dialysis vintage and IDWG <2 kg, SBP and mortality showed U-shaped relationship; meanwhile, HD patients with longer dialysis vintage and IDWG ≥ 2 kg did not.
The optimal BP target is long-lasting and unsettled issue not only in general population but also in patients with advanced chronic kidney disease. Recently, intensive BP control is suggested to be beneficial for clinical outcomes in general population 4 . 2017 American College of Cardiology/American Heart Association (ACC/ AHA) guidelines lower the SBP criteria of hypertension that SBP higher than 130 mmHg to be hypertension 21 . In contrast, BP target is far more complex and difficult to determine in dialysis population. Mostly, an inverse (U-shaped) relation between predialysis SBP and mortality rates has been reported in the dialysis population 6, 8, 22 .
To explain the U-shaped relation, previous studies proposed several contributing factors such as underlying heart failure and low cardiac output status, survival bias, competitive risk factors, or neurohormonal state unique to patients undergoing HD [23] [24] [25] . Hannedouche et al. 8 explained the mechanism by which lower BP is related to higher mortality. According to the authors, the inability to raise BP in response to the accumulation of fluid between HD sessions may represent a loss of compensatory and physiologic response of a patient to be relatively healthy 26 . Moreover, patients with lower baseline BP are more prone to intradialytic hypotension and may develop progressive organ hypoperfusion during intradialytic ultrafiltration 13, 27 . Thus, a lower BP may be a sign of comorbid conditions not entirely represented by other scores 28 . Some of study groups suggest different BP targets from general population should be determined in high risk patients such as those with old age or more comorbidities. Particularly, observational studies have found U-or J-shaped relationships of BP with mortality in older patients 29 . Moreover, increasing evidences are reported that patients with diabetes or coronary artery disease have higher risk of mortality with lowering SBP less than 130 mmHg, showing the discrepancy in BP target from general population 30, 31 . Lower SBP in these patients was rather associated with extensive hypotension 30 . Thus, treatment implications for BP control among high risk patients remain unsolved and it can be inferred that different BP targets should be determined differentially with consideration for patient's disease characteristics. Therefore, considering that dialysis population is a high-risk group who are relatively old and having great numbers of comorbidities, BP target may differ from general population and cannot be determined uniformly. Thus, our study suggests that the lowest (<110 mmHg) and highest (≥170 mmHg) SBPs are associated with risk for mortality, whereas SBP ranging 110 to 169 mmHg might have decreased risk without significances. Nevertheless, BP target should be individualized with consideration for patient's characteristics.
For the above mentioned reasons, this study has strengths in that we further conducted subgroup analysis with each of the clinical factors that are known to substantially affect the association between BP and mortality. We divided the subjects according to age <65 or ≥65 years. The relation of SBP to mortality was not uniform across the subgroups, suggesting that the optimal BP target may differ according to age. Elderly patients might have stiffer and noncompliant vessels, and are frequently prone to occlusive arterial disease, which result in significant reductions in organ perfusion during dialysis 6 . Our study also demonstrated that elderly patients (>65 years old) with low SBP, but not those with high SBP, were significantly associated with an increased risk of mortality. In respect to DM, patients without DM revealed similar results to the previous analysis (i.e., the risk of mortality was dually associated with increased or decreased in SBP). However, in patients with DM, only lower SBP was significantly associated with an increased risk of mortality. A previous study performed by Ishida et al. 32 reported that HD causes severe orthostatic hypotension which lead to reduction in cerebral blood flow velocity in diabetic patients. It can be explained that vulnerability of ischemic damage resulting from low SBP increase the risk of adverse outcome among DM patients. Moreover, lowering the SBP is only beneficial in patients without CAD, and not in patients with CAD. There are still having conflicts about BP effects on cardiovascular outcomes. However, some of previous studies suggested that a higher BP could have a protective role in improving cardiac perfusion or overcoming the resistance of stiff arteries in patients with CAD 5, [33] [34] [35] . This is in line with present study, that patients with CAD have no benefits of lowering the SBP. In regard of AHAs, Agarwal et al. 14 reported that use of AHAs is not correctly related to BP. They also suggested that adequate management of the volume status is closely related to BP control, and excessive use of AHAs may interfere with the achievement of DW and paradoxically increase the predialysis BP. The present study also revealed a significant U-shape association between SBP and mortality rate only in patients with no use of AHAs, whereas this relationship was not constant in patients who were using AHAs. Taken together, the optimal BP target should be stratified carefully according to age, the presence of DM or CAD, and use of AHAs.
We also investigated the impact of SBP on the patient outcomes according to the several dialysis characters including dialysis type, vintage, and IDWG. Studies investigating the association between BP and mortality are scarcer in patients on PD than in patients on HD. Udayaraj et al. 19 reported that a greater SBP in the first year after the start of PD was significantly associated with decreased mortality. Meanwhile, other studies 18, [36] [37] [38] showed a significant association between lower SBP and higher mortality in patients on PD. This study showed similar trend of BP target in patients on PD compared to patients on HD. However there were no statistical significant results among patients on PD. Further study is needed to identify optimal target of SBP in patients on PD.
SCIeNTIfIC RePORTS | (2018) 8:14123 | DOI:10.1038/s41598-018-32281-w Dialysis vintage also affects the target SBP among HD patients. The results of our study showed that SBP <110 or ≥170 mmHg significantly increased the risk of mortality in patients undergoing HD with a dialysis vintage of <10 years. However, patients with a longer dialysis vintage showed significantly increased mortality only with SBP <110 mmHg. Stidley et al. 39 investigated patients undergoing HD to investigate the effect of dialysis vintage on BP management. They concluded that low SBP was associated with increased mortality within 2 years; conversely, high SBP was associated with increased mortality among patients who survived for >3 years. We can postulate that several factors affecting BP, including response to the renin-angiotensin-aldosterone system, vascular calcification, and arterial stiffness are changed, which result in such discrepancies in the association of BP and mortality between patients with short and long dialysis vintage. Further studies should be performed to identify the possible exact mechanism for this issue. Maintaining DW or chronic volume overload according to adequate ultrafiltration is the main reason for uncontrolled hypertension in patients undergoing dialysis 40 . In the present study, patients undergoing HD with poorly controlled DW, an L-shaped, not a U-shaped, association between SBP and mortality was observed. The large IDWG indicates large volume of ultrafiltration during dialysis, which easily result in hypovolemia and intradialytic hypotension 41 . In addition, the volume overload status gives more pressure or volume stress on the heart and the low BP might make more intolerable to stand for these. Accordingly, theses mechanisms might have an effect on low SBP to increase risk of mortality.
This study has several limitations. First, our data set did not include various measurements of BP including postdialysis, interdialytic, and ambulatory BP. Several studies have suggested that ambulatory BP is reliable in predicting the clinical outcomes in patients on dialysis despite its practical inconvenience 42, 43 . On the other hand, predialysis SBP has the merit of being easily applicable. In this regard, it might be more practical to use the easily assessable BP. Second, we did not analyze BP as a time-varying variable, because only the baseline BP measurement was available from our data set. In addition, several other contributing factors to the BP value, such as dietary sodium intake, were not included as confounding factors. Further studies with time-varying covariates of BP and other confounding factors might have more statistical power and produce more relevant clinical results. Finally, the disease period of hypertension was not included in the analysis. Since long-tern hypertension can be a strong risk factor for target organ damage and leads to adverse clinical outcomes in dialysis population 44 , lack of data regarding duration of hypertension in this study made limitation and further investigation is warranted.
In conclusion, the survival rates were significantly worse in the highest and lowest SBP groups among patients undergoing chronic dialysis. SBP at 110-169 mmHg showed no differences on the risk for all-cause mortality. Furthermore, the optimal SBP target differed among each subgroup stratified according to age, history of DM or CAD, use of AHAs, dialysis type and vintage, and the degree of IDWG among patients on prevalent dialysis. Maintaining SBP at ranges of 110-169 mmHg is applicable for dialysis patients with young, having no comorbidities, and taking no AHAs as well as undergoing HD with shorter dialysis vintage and less IDWG. However, in patients with older and having comorbidities, maintaining SBP at >110 mmHg is only beneficial, whereas lowering the SBP to <170 mmHg is not. The optimal target BP should be individually applied according to patient's condition.
